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Sunday, February 16, 2014 83abilayers and synthetic systems such as polymersomes. In previous theoretical
studies, the hydrodynamical mobility is estimated assuming fixed membrane
geometry. However, fluid membranes are very flexible out-of-plane. By ac-
counting for the deformability of the membrane and in the presence of curva-
ture, we show that the lateral motion of an inclusion produces a normal force,
which results in a nonuniform membrane deformation. Such a deformation mo-
bilizes bending elasticity, produces extra lateral viscous and elastic forces, and
results in an effective lateral viscoelastic behavior. The coupling between
lateral and out-of-plane mechanics is mediated by the interfacial hydrody-
namics and curvature. We analyze the frequency and curvature dependent
rheology of flexible fluid membranes, and interpret it with a simple four-
element model, which provides a background for microrheological
experiments.
To appear in Soft Matter http://dx.doi.org/10.1039/C3SM51748A.
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The blood-brain barrier (BBB) is formed by endothelial cells that line brain
capillaries. Specialized tight junctions between these cells form a selective bar-
rier between the brain and the rest of the body. A major problem in drug design
is the ability of the compound to cross the BBB. Neuroactive drugs are required
to cross the BBB to function. Conversely, drugs that target other parts of the
body should not cross the BBB in order to avoid possible psychotropic side ef-
fects. The task of predicting BBB permeability of new compounds is thus of
great importance. Two gold-standard experimental measures of BBB perme-
ability are logBB (concentration of drug in the brain divided by concentration
in the blood) and logPS (the permeability-surface area product). Both are time-
consuming and expensive to determine, and while logPS is considered more
informative, it is lower-throughput, and more resource-intensive. We make
computational predictions of these two parameters for a sample of 13 relatively
small compounds. Atomistic molecular dynamics (MD) simulations measure
the potential of mean force (PMF) for these compounds through a 1,2-dio-
leoyl-sn-glycero-3-phosphocholine (DOPC) bilayer - a system often used as
a simple BBB mimetic. Additionally, 1D position-dependent diffusion rates
are calculated from the MD trajectories. These diffusion rates are combined
with the free energy landscape to calculate permeabilities for each sample com-
pound. The relative values of these permeabilities were compared to logBB and
logPS. Our computational predictions correlate remarkably well with experi-
mental values of both logBB (R2 = 0.92) and logPS (R2 = 0.95). Thus, we
demonstrate that this approach may have the potential to relatively inexpen-
sively and quickly give reliable, quantitative predictions of BBB permeability.
This work was performed under the auspices of the U.S. Department of Energy
by Lawrence Livermore National Laboratory under Contract DE-AC52-
07NA27344. LLNL-ABS-644465.
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Supported lipid bilayers (SLBs) are broadly used as a membrane model system
and commonly produced by vesicle fusion (VF). Despite its advantages, VF
does not allow the controlled formation of asymmetric bilayers that mimic
the asymmetry in lipid composition normally found in biological systems.
Here we present a simple, quick and versatile method to produce stable
SLBs with a desired asymmetric lipid composition. We apply a methyl-b-
cyclodextrin (MbCD) mediated lipid exchange method to SLBs formed by
VF to enrich the distal leaflet of the bilayer with sphingomyelin (SM). Bilayer
asymmetry is assessed by fluorescence correlation spectroscopy (FCS),
measuring lipid mobility separately in each leaflet. To check the compatibility
of the method with the most common protein reconstitution approaches, we
also report the production of asymmetric SLBs (aSLBs) in presence of a mem-
brane protein, reconstituted both via direct protein insertion (i.e. directional
insertion) and proteoliposomes fusion.
aSLBs are a suitable membrane model system to study phase separation and
transbilayer lipid movement of raft-mimicking lipid mixtures. Although their
phase behavior was extensively investigated, the effect of compositional asym-
metry on phase separation remains unclear. To address this question, we
compared SLBs and aSLBs with the same overall lipid composition. The
observed differences in terms of phase separation provide further experimentalevidence that the transversal lipid distribution affect the overall lipid misci-
bility and allow to temporally investigate leaflet mixing (i.e. lipid flip-flop).
Additionally, cholesterol distribution between cytosolic and extracellular
side of the plasma membrane is of great importance in determining protein-
membrane interaction and the formation of raft-like domains in vivo. There-
fore, we use a combined FCS and mass spectrometric approach to investigate
cholesterol distribution between inner and outer leaflet of SM-containing
aSLBs.
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Artificial lipid bilayers are useful models of biological membranes, appealing
for applicative purposes, and an interesting example of quasi-2D liquid systems
on which to investigate new physics. It is well known that ternary-component
lipid membranes, depending on the relevant thermodynamic parameters
(composition, temperature and pressure), can show phase coexistence between
two liquid phases, Lo and Ld, that can be imaged by fluorescence microscopy.
We have performed experiments observing both equilibrium and non-
equilibrium morphology of lipid phases. Specifically we have investigated a
new dynamical regime in which we follow the diffusive mixing of miscible
phases, and observe pattern formation out of equilibrium. This has been
possible thanks to the development of a method to induce rapid temperature
changes, by infrared irradiation. In this fashion, a temperature change can be
imposed faster (in about 1s) than the diffusive time over relevant lengthscales
(several 10s).
Our observations are that the line tension rapidly vanishes upon heating the sys-
tem above the miscibility transition temperature. After a few seconds, the spec-
trum of the interface fluctuations becomes very different from the equilibrium
capillary waves, growing in amplitude and losing the characteristic 1/wave-
vector2 equilibrium form. The interface from then blurs out, resembling fractal
growth fronts, until the phases are fully mixed.
The same fast temperature change allows us to very rapidly cool the system.
This extends previous measurements by other groups, giving insight into pro-
cesses that take place over the first few seconds of phase separation.
Investigating these non-equilibrium conditions is relevant because biological
membranes in living systems are not in a steady state: they are continually sub-
ject to rapid changes in composition, temperature and curvature, and their
response is known to couple into a variety of biochemical processes by medi-
ating protein binding and interactions.
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Membrane dynamics affect the structure and function of ion channels, a point
that deserves more attention while studying membrane proteins. One important
factor in the local lipidic environment of the ion channels, is the membrane
fluidity which is directly connected to the free diffusion and packing of the
phospholipids. Typically, FRAP is utilized to investigate this parameter in
simplified cell membrane models, and preferably supported bilayer lipid mem-
branes (BLMs), which are more stable than their free-standing counterparts.
However, supported membranes are less suitable for the incorporation of ion
channels and electrophysiological monitoring of their activity than suspended
ones.
Here, we propose a novel approach for simultaneous FRAP and electrophysio-
logical measurements on suspended BLMs in a microfluidic format. Our plat-
form is suitable for high-resolution imaging providing the bottom substrate is
thinned down to < 200 mm, and BLM stability typically exceeds 2 h (Stimberg
et al., Small 2013). Gramicidin, whose characteristics (channel activity, life-
time and conductance) are influenced by changes in the lipid environment, is
chosen as a model protein, and it is incorporated at a fixed peptide:lipid ratio
(1:1.5x107) in BLMs supplemented with 1% mol NBD-PE. So far, simulta-
neous FRAP and electrophysiological measurements have been successfully re-
corded in both DPhPC and L-a-PC BLMs. A ~10 fold increase in gramicidin
channel activity (channels/minute) is measured in L-a-PC BLMs compared
to DPhPC BLMs, which correlates with an expected lower packing density.
Currently, we are optimizing our FRAP protocol to assess lipid diffusion and
relate it to the gramicidin activity. In a next step, we will study L-a-PC
BLMs with various amounts of cholesterol, using the herein proposed
strategy.
